with acute diffuse glomerulonephritis have been biopsied. A second biopsy was performed in 2 of these two and five months later. The lesion consists of an increase in nuclei, sometimes with a neutrophil increase in every glomerulus. One of the two repeat biopsies (five months later) showed an almost complete resolution. These cases are of great interest as the histological changes are similar to those found post mortem in the kidneys of persons dying from acute glomerulonephritis on which our knowledge of this disease is based. It was surprising that proliferative lesions were present so long (ten weeks in one case) after the onset of the illness.
Proceedings of the Royal Society of Medicine 2 with acute diffuse glomerulonephritis have been biopsied. A second biopsy was performed in 2 of these two and five months later. The lesion consists of an increase in nuclei, sometimes with a neutrophil increase in every glomerulus. One of the two repeat biopsies (five months later) showed an almost complete resolution. These cases are of great interest as the histological changes are similar to those found post mortem in the kidneys of persons dying from acute glomerulonephritis on which our knowledge of this disease is based. It was surprising that proliferative lesions were present so long (ten weeks in one case) after the onset of the illness.
These examples from the total number of cases studied show quite clearly the importance of renal biopsy. It is a procedure that will undoubtedly help to solve many of the outstanding problems of renal disease, but we feel most strongly that at the present time it should not be carried out in an unsystematic way and is likely to produce its best results only when there is close and continuous co-operation between clinician and pathologist. REFERENCES IVERSON, P., and BRUN, C. (1951) 
Some Aspects of Magnesium Metabolism and Magnesium Deficiency
By I. MACINTYRE, M.B. London ALTHOUGH magnesium is the fourth most abundant cation in the body (after calcium, sodium and potassium) we know relatively little of its main functions in vivo and even less of its importance in disease. An adult man contains about 2,000 mEq. of magnesium (25 grams) and on an average diet ingests about 25 mEq. every day. Of this amount about one-third is absorbed and excreted in the urine while two-thirds pass into the faeces.
Like potassium, magnesium is present inside the cell in much greater concentration than in the extracellular fluid. It was once believed that potassium was retained inside the cell by a relative impermeability of the cell membrane; this notion was finally dispelled only when Noonan et al. (1941) showed that injected radioactive potassium rapidly mixed with all the potassium in the body of a rat, whether inside or outside of the cell. A suitable isotope of magnesium to carry out similar experiments has not been available until recently, so that those static concepts of impermeability discarded for potassium have been retained for magnesium. I shall first describe some experiments with radioactive magnesium, mention briefly magnesium and oxidative phosphorylation, and finally discuss experimental magnesium deficiency in the rat.
Experiments with radioactive magnesium.-21'Mg has a half-life of twenty-one hours and emits ,B and y rays of sufficient energy to be recorded easily with standard equipment. Small quantities can be obtained "carrier-free". An intraperitoneal injection of radioactive magnesium was made in five hooded rats weigh-ing about 185 grams (171-202 grams). The rats were killed at intervals up to two days, and samples of the various tissues obtained. The total magnesium content and radioactivity were then measured in each sample. Flame spectrophotometry (Maclntyre and Davidsson, 1958) was used for determination of magnesium. Fig. 1 shows the specifc activities of the various tissues plotted as a function of time. These figures are a measure of the extent to which the radioactive magnesium mixed with the stable magnesium in the tissues. Although these figures are uncorrected for the slightly differing weights of the animals, three features are striking:
(1) Most of the bone magnesium does not exchange rapidly. (2) At twenty-four hours the specific activity in muscle is less than half that of plasma.
(3) The magnesium in the vital organs exchanges much more rapidly.
We may conclude that magnesium may exist in at least two forms in skeletal muscle, and that it readily crosses the cell membrane. It is clear that the high intracellular concentration of magnesium is maintained by something other than membrane impermeability, possibly by active transport.
Magnesium and oxidative phosphorylation. In the body, the energy released by oxidation of foodstuffs is partly stored in high energy phosphate bonds. Mitochondria can be isolated from cells, and are able to carry out this process of oxidative phosphorylation, in vitro under suitable conditions, which usually include the presence of magnesium. High concentrations of thyroxine in the medium lower the proportion of phosphate bonds produced to oxygen consumed (Martius and Hess, 1955) . In lower concentrations, thyroxine produces a damaging swelling of mitochondria, an effect opposed by magnesium (Tapley, 1956 ). Vitale et al. (1957) claimed that mitochondria isolated from rats after only a few days of magnesium depletion showed lowered P : 0 ratios, and it seemed that this might represent an in vivo counterpart of the laboratory effects described above. However, Beechey et al. (1959) failed to confirm these results, and if magnesium deficiency affects oxidative phosphorylation in viva, it may do so only after prolonged deficiency or in a small proportion of cells.
Experimental magnesium deficiency. -The characteristic signs of magnesium deficiency in the rat were first described by Kruse et al. in 1932. Their description was amplified and confirmed by Watchorn and McCance (1937) , by Tufts and Greenberg (1938) and by other later workers.
The progress of the deficiency is dramatic. Two stages are observed; after a few days intense peripheral vasodilatation occurs which then fades and leads to a stage of hyperexcitability, convulsions and weight loss. Macintyre and Davidsson (1958) repeated these studies with particular reference to the effects produced on the other electrolytes. Contrary to earlier reports, a progressive decline in the magnesium content of the skeletal muscle was observed. Further, although the diet contained ample potassium, a large loss of this ion occurred. This secondary potassium loss may be ascribed to a failure of energy production in muscle due to the loss of magnesium. In agreement with previous workers, we found that nephrocalcinosis was produced; we were able to show, moreover, that this was accompanied by hypercalctmia which eventually became extreme. In further experiments (Hess et alt, 1959) we were able to show that intracellular calcification occurred in the distal part of the proximal convoluted tubule. The intracellular calcium deposits later irrupted into the tubular lumina where they were seen as casts.
Identical lesions are produced in the same sequence in the same cells by vitamin-D intoxication (Scarpelli et al, 1959) , and by parathyroid hormone (Engfeldt et al, 1958) . In the latter case, renal concentrating power was markedly impaired, and recovered when parathyroid hormone was stopped.
Discussion.-These results suggested to us that this distal part of the proximal convoluted tubule may be the site of renal calcium transport, whether influenced by vitamin D or by parathyroid hormone. Further, these cells seem to be particularly sensitive to change in serum magnesium in such a way that diminution in serum magnesium produces an effect similar to overdosage with vitamin D or parathyroid hormone.
It may even be that this postulated effect of magnesium on calcium transport extends to the gut; Fitzgerald and Fourman (1956) found increased calcium absorption in healthy subjects on a magnesium-deficient diet.
Hazardous as it is to transfer results from one species to another, one cannot help speculating whether the locally indistinguishable granulomata of sarcoidosis and berylliosis result from similar local enzymatic lesions; beryllium will certainly inhibit magnesium-dependent enzymes and produce a relative magnesium deficiency. It is even possible that the hypercalciuria and hypercalaCmia of sarcoid and the hypercalciuria of berylliosis (Henneman et al., 1956) are all systemic manifestations of the absorption from the granulomata of substances mimicking, like magnesium deficiency, the action of vitamin D.
Whatever the truth of these speculations, I should like to emphasize two main points in DIscuSSION Dr. S. C. Agarwal: Dr. Maclntyre has shown the marked contrast in the vasodilatation in the ears of normal and magnesium-deficient rats. I wonder if he could throw any light on the pathogenesis of vasodilatation in magnesium-deficient rats. It might be that magnesium deficiency is in some way related to the contractility of the smooth muscle cells in the terminal arterioles and capillaries. It seems likely that the effect of a deficit in magnesium ions is mediated through its action on A.T.P.-ase resulting in an unusual splitting of phosphate radical from adenosine triphosphate and an increased formation of adenosine diphosphate. The latter is a vasodilator and its increased accumulation will lead to vasodilatation.
Dr. MacIntyre, in reply: I would certainly agree with Dr. Agarwal that an increase in adenine nucleotides in the blood might well be the cause of the peripheral vasodilatation. This possibility had previously been suggested to me by Dr. Holton and we intend to investigate this in future work. 14,000 cases were reported to have occurred during the American Civil War and over 1,000 cases of trench nephritis were reported from the British Army in France and Flanders during the first year of World War I (Brown, 1916) . Epidemics were common at the end of World War II (Formijne, 1948; Pratas, 1944; Cascalea et al., 1945) . Just after the war, 159 cases were admitted to hospital in Greenock and five times as many cases were estimated to have been treated at home (Fleming, 1949) . In 1953, Rammelkamp and Weaver in America and, in the following year, Wilmers et al. (1954) in this country showed the association of nephritis with Streptococcus pyogenes type 12. This is an account of an epidemic of acute nephritis in North Yorkshire. 5 cases occurred in a small village in 1957, during the first two months of the year. Throat and nasal swabs from the local schools showed that there was a high incidence of Streptococcus pyogenes type 12 infection in these schools. Urines of the children showed albumin, red cells, and casts in some cases, which, when compared with urines from children in schools 25 miles away, indicated kidney damage. In all, 38 children, 10 of whom had type 12 strains in their throats, had evidence of kidney damage. Sixteen months later, 7 out of 38 still have abnormal findings-5 with albumin, 1 with red cells and casts, and 1 with red cells only. No more cases occurred until December 1957. From then until November 1958 cases occurred in the Northallerton area and York mainly during the January-March period as before. 24 cases from the Northallerton area yielded 10 type 12 strains and, in York, 9 type 12 strains were isolated from 25 cases and type 22 from another. In all more than 60 cases of acute nephritis have occurred in the area. The ages ranged between 41 and 50 years, 25% being over 21 years of age. The male to female ratio was 2 to 1. Only 4 out of 32 did not have a history of sore throat or otitis media. Mildness of the initial symptoms was a feature, as was a shorter latent period between infection and the onset of nephritis than has been described. Follow-up of the cases is proceeding and might, in time, throw light on the aetiology of chronic nephritis.
Epidemic Nephritis in
Since November 1958 the epidemic has spread northwards to Tees-side where at least 19 cases have occurred and the first death in the epidemic has been reported (Blowers, 1959) .
